. Partial charges used in the force field. * Parameters are taken from Ref.
1 . Figure S1 . Calculated densities versus different temperature from the simulations and the obtained glass transition temperature (Tg) of (a) PTMC, (b) PBEC and (c) PHEC, and (d) DSC curves for PTMC, PBEC and PHEC. The glass transition temperature measured experimentally for these polymers are −9.5 °C, −14.1 °C and −45.0 °C, respectively. Figure S2 . The ionic mobility calculated from the experimentally determined total ionic conductivity for the electrolyte samples plotted versus (a) 1000/T and (b) 1000/(T−Tg + 50 K), and (c) total NE ionic conductivity of PTMC, PBEC and PHEC obtained from MD simulations. 3.30×10 
PTMC

Details of calculations for analysis used in the study:
The total ionic conductivities have been estimated through the Nernst-Einstein (NE) equation, by using diffusion coefficients of the ions:
in which N, q, T, kB, V, Li + and TFSI − are the number of ion pairs, charges of ions, Temperature, Boltzmann constant, Volume, diffusion coefficients of Li + and TFSI, respectively. In this relation, it is assumed that the mobilities of ions are not correlated.
The mean square displacement (MSD) of the center of mass of Li and TFSI ions in three different polymer electrolytes are computed over 1µs simulation time considering different temperatures by using the Einstein relation:
where ( ) is the vector position of particle i at time t and the brackets refer to the ensemble average. DA is the self-diffusion coefficients of particle A. Therefore, DA as the slope of the diffusive region of MSD can be obtained directly from the results.
The pair correlation or RDF between two particles is defined as:
in which ⟨ ⟩ is the particle density of type B at a distance r around particles A. Here, the RDFs were calculated between Li ions and the O of the polymer chains or the anion.
The autocorrelation function (ACF), C(t), is defined as: where and are fitting parameters. Next, the fitted function was integrated analytically to give the residence time:
